In the digital age, open innovation is increasingly organized around platform
Introduction
Organizations cannot achieve their innovation goals in isolation and need to engage in open innovation (e.g., Chesbrough, 2003; Enkel et al., 2009; Gassmann et al., 2010) . Most open innovation research has investigated how organizations benefit from inbound and outbound knowledge flows to access the ideas or technologies needed for innovations (e.g., Dahlander & Gann, 2010; West & Bogers, 2013) . Some of these open innovation activities concern the development of complementary products. These can involve intensive, coupled processes in bilateral partnerships (Gassman & Enkel, 2004) , like how the Philips Senseo coffee maker was designed in tandem with Sara Lee coffee pads (Deken & Lauche, 2014) . With the advent of digital technologies, though, the development of complementary products by external parties is increasingly organized around digital product platforms that are managed through arm's length interactions with complementors (e.g., Bogers et al., 2016; West, 2014) , like how third-parties develop apps for smartphone operating systems.
current literature on open innovation, however, offers insufficient insight in how "open innovation as a platform strategy" (West, 2014, p. 90) can be effectively coordinated-although this form of open innovation is becoming more prevalent and features distinct managerial challenges for platform owners (West & Bogers, 2017) . Such a strategy enables the development of a large variety of complementary products, or complements, that increase the use value of platforms (Boudreau, 2010; Gawer, 2014) . The digital technologies that underlie such platforms enable complements to connect in myriad ways with other products (Henfridsson et al., 2018; Yoo et al., 2012) . Consider, for instance, how Spotify is integrated in other websites and offers connections to third-party products, such as speakers and ticket services. Because these connections may be created by independent third-party actors, platform owners cannot directly control these (Boudreau & Jeppesen, 2015) .
The sheer amount and variety of complements are challenging to coordinate through bilateral, intensive partnerships, but also arm's length coordination is likely insufficient when complements provide core value to platform users. Therefore, it is necessary to understand how the complexity of potential connections between digital products can be managed to deal with organizational and technical challenges. We pose the following research question: How do platform owners manage open innovation to coordinate the development of diverse complementary products on their digital platform?
Based on an in-depth field study of the Philips Hue smart lighting platform, and by drawing on literature on platform ecosystems (e.g., Baldwin & Woodard, 2009; Gawer, 2014) , we found that independent app developers not only add new use cases but also create bridges across products by recombining platform interfaces. Furthermore, we find that a focal product platform may become embedded in broader platforms. For each of these three types of complements we identify opportunities and risks and document ways a platform owner can address these.
The findings from our field study have multiple implications for managing open innovation with complementors. First, we show that firms operating in a digitizing world need to orient open innovation activities to increasingly complex connections between platforms and complementary products. We found that complementors act as 'connectors' by enabling three types of connections, which extend beyond the 'dedicated complements' mostly suggested in literature on platform ecosystems. Second, our findings show that these different types of connections call for a hybrid approach to coordinating open innovation around platforms. Collaboration around digital product platforms combines arm's length coordination through standardized interfaces (e.g., APIs) with more intensive partnerships that enable deeper integration between complements and platforms. Third, our findings indicate that connections created by independent third-parties go beyond the full technical and organizational control of platform owners, because digital product platforms get increasingly interconnected in an 'ecology of platforms'. These interconnections pose new opportunities and risks that warrant future research.
Theoretical Background
Open innovation has received much attention in technology and innovation management (Bogers et al., 2016) . The key tenet of open innovation is that the involvement of external actors can spur an organization's innovation process and outcomes (Chesbrough, 2003) . Open innovation scholars have focused on the inflow and outflow of knowledge as the predominant way to involve external partners (e.g., Chesbrough, 2003; Laursen & Salter, 2006; Dahlander & Gann, 2010; Gassmann & Enkel, 2004) . By buying complementary knowledge from external partners (Cassiman & Valentini, 2016) or by sharing knowledge in formal collaboration structures such as R&D alliances, joint ventures, and project-based organizations (e.g., Faems et al., 2010; Hopkins et al., 2011) , firms are able to develop superior innovations than based on their internal knowledge alone. In many of these open innovation cases where external actors provide input to the innovation process, the actual development of new products and services remains the domain of a focal firm.
In other cases, though, companies may couple inbound and outbound innovation activities in bilateral collaborations to develop and market complementary products and services (Gassmann & Enkel, 2004; Piller & West, 2014; Deken & Lauche, 2014) .
Consider, for instance, the collaboration between Apple and Nike to develop the Nike+ platform connecting Apple iPods to Nike running shoes (Ramaswamy, 2008) . Such coupled processes typically involve intensive collaboration in alliances and other types of partnerships (Enkel et al., 2009; Piller & West, 2014) .
With the advent of digital platforms, another form of open innovation for the development of complementary products is becoming more prevalent, which extends beyond bilateral collaborations: A firm may offer an open platform that allows external actors to participate in the development and commercialization of complementary products (Boudreau, 2010; Gawer & Cusumano, 2014; West & Bogers, 2017) . Examples of platforms and associated complements include smartphones and apps (Ghazawneh & Henfridsson, 2013; Eaton et al., 2015) , video game consoles and games (Schilling, 2002; Cennamo & Santolo, 2013) , and ERP platforms and implementation services (Wareham et al., 2014) . Such complements can extend the platform's use and functionality and may come in the form of hardware, software, or content. Literature on platform ecosystems offers further understanding and points at challenges for 'open innovation as a platform strategy ' (West, 2014) .
The value of an open platform strategy lies in the variety of available complements and the recombination potential that these offer to users. Opening up platforms enables external actors to develop complementary innovations in areas that are outside platform owners' expertise (Pruegl & Schreier, 2006; Von Hippel, 2005) or economically unattractive to them (e.g., niche applications, Baldwin et al., 2006; Shah & Tripsas, 2007) . In such way, platform owners and developers of complementary innovations can develop a highly symbiotic relationship (Baldwin & Von Hippel, 2011) based on a division of labor where the platform owner defines and develops core platform components and facilitates the development of complements to expand the platform's "reach and range" (Nambisan & Sawhney, 2011) . Taken together, the generative advantages of digital product platforms can build momentum behind a technology, eventually paving the way to becoming a leading platform (Gawer & Cusumano, 2014) .
However, this dynamic nature of digital platforms does not come without challenges. As digital technologies allow for myriad connections with other products and services that continue to evolve (Henfridsson et al., 2018; Yoo et al., 2012) , the increasing complexity of those connections makes it more difficult for firms to control and manage their platforms, requiring coordination at technical and organizational levels.
Research on digital product platforms and modularity offers extensive explanations how the connections between platform and complements can be managed on a technical level. Digital product platforms consist of different loosely coupled modular layers (Yoo et al., 2010; Baldwin & Clark, 2000) , which reduce the dependencies between the core platform and its complements. Specified interfaces, Opening a digital product platform poses additional challenges on an organizational level. For example, platform owners and complementors need to navigate complex strategic landscapes involving competition and collaboration (Gawer & Cusumano, 2014) , and ensure that the value of the platform is not diminished for developers and users by becoming too varied and fragmented (West & Gallagher, 2006) . Extant research on digital platforms suggests that standardized interfaces can facilitate coordination between the platform owner and complementors also on an organizational level, because conformance to a standardized API allows third-parties to innovate autonomously without explicit coordination between the platform owner and complementors (Ghazawneh & Henfridsson, 2013) . However, this is precisely what drives the rapid evolution of a digital platform by highly distributed parties (Tiwana, 2013) , which makes the evolution of a platform and its complementary products so unpredictable and difficult to manage (yoo et al., 2012; Garud et al., 2008) .
Because current literature provides insufficient insight in how firms can address such challenges of open innovation for the development of complements for digital platforms, it is important to investigate how platform owners can successfully manage the relationships with heterogeneous external actors to harness the benefits of open innovation as a platform strategy, while minimizing the potential risks. This leads us to empirically investigate how platform owners coordinate the development of complements aimed at increasing the value of the platform, such that technical and organizational interdependence does not risk the integrity of the overall platform.
Method

Research setting
We performed an in-depth case study (Eisenhardt, 1989) of the Philips Hue smart lighting system (hereafter, shortly 'Hue'). Since its launch in 2012, Hue has generated much traction and became the most prominent consumer platform for smart lighting. To advance insight on open innovation through digital platforms, we studied connections within the larger ecosystem around Hue (i.e., between the Hue platform and other products and platforms). By studying these connections as embedded cases Hue is a particularly suitable research setting for the following reasons. First, the Hue system is an excellent example of a digital product platform: Philips transformed its traditional lighting products by adding intelligence and connectivity and developing a platform for soliciting contributions from complementors such as third-party developers (e.g., Yoo et al., 2012) . Second, smart lighting is particularly suited to study how platforms get connected: smart lighting is part of the larger home automation ecosystem, for which interoperability with other products (e.g., smart locks, audio) is a key issue (Peine, 2008) . Third, Hue is a very successful platform, as it has attracted more than 400 third-party apps, is considered a preferred partner for many other large home automation players (e.g., Apple, Nest, Amazon Alexa), and received praise from the industry and popular press.
Data collection and analysis
We collected a variety of qualitative data to gain insight into the technical and organizational aspects involved in the connections between the Hue platform and complements and the associated relations between Philips and external actors. We collected data on all apps and other complementary products for Hue. We selected specific apps that connect with Hue as embedded cases (yin, 2013) for indepth investigation. For these cases, we collected additional secondary data (e.g., press releases, tech blogs) and interviewed 22 third-party developers about their apps and development process.
We analyzed the collected materials using inductive coding procedures (Miles & Huberman, 1994) to understand how connections had been established between the Hue platform and complementary products. Table 3 -1 shows how we used the different data sources to triangulate our analysis. For each of the selected embedded cases, we analyzed the technical integration with Hue and other platforms, their coordination and interaction with Philips, and the consequences for Philips as platform owner. Through a cross-case analysis, we developed an explanation on how different types of increasingly complex connections were associated with the relationships that developed between Philips and the various independent external actors who developed complements. The first author discussed emerging insights with the Hue team to check the internal validity of our findings.
Findings
Introducing the Philips Hue platform
The core products in the Philips Hue platform are LED light bulbs with connectivity capabilities. Philips has also launched lightstrips, light switches, and a sensor. In order to operate these devices, users also need the "Hue bridge"-a hub connected to a local WiFi network-that communicates with the network of devices, for example to change light color or intensity.
users can send commands to the bridge via an official iOS and Android smartphone app. This app, for example, allows creating and selecting "scenes" (i.e., combinations of colors for different light bulbs to create a particular atmosphere) and "routines" to set timers to automate the lights. (2) complements that bridge the Hue platform and other products; and (3) embedding Hue in broader platforms that connect to an open-ended set of products and services.
Next, we discuss an exemplary case per connection type to unravel how technical and organizational connections are established and reflect on how Philips managed these connections. Table 3 -2 provides an overview of these three types and an additional case per type.
Dedicated complements
A large share of complementary products for Hue involves a single integration with the Hue platform through dedicated complements. That is, third-party apps interface specifically with Hue and offer additional value exclusively to Hue. Independent developers, often inspired by their own user needs, add value to the Hue platform by providing new or extended functionalities. Next, we briefly discuss the MusicHue case to illustrate how complementors create connections with Hue through dedicated complements. shows that platform owners need to carefully consider which features to adopt from complements in order to avoid dynamics that can be detrimental for the platform. Platform owners can address the challenges and risks associated with complements that bridge across products by updating the system to add previously unsupported scenarios. Moreover, platform owners can restrict their API to prevent competitor products from connecting to their platform. In the API update of December 2015, Philips lighting banned competitor light bulbs to avoid "interoperability issues resulting from untested third-party products." Yet, after a customer outcry on forums and online stores, Philips Lighting reversed their decision within a week. This example shows that once complementors have established connections, platform owners may have great difficulty to change these for their benefit but rather have to deal with the consequences for better or worse.
Complements that bridge products
Embedding in platforms
The Hue platform has also become embedded in broader platforms, which resulted in new and open-ended connections to other products and services. While the first two types of connections added functionality and loosely coupled other products to Hue, this third type is different as it makes Hue a tightly integrated part of broader platforms such as smart home platforms. Next, the Apple HomeKit case
shows that these complex connections involve adaption of the focal platform and that collaborations need to go beyond arm's length interactions between the involved platform owners.
apple homeKit. Philips was one of the launching partners of Apple HomeKit when it was announced in June 2014. HomeKit is a framework that allows users to connect smart home products and to manage their home through a single user interface rather than using distinct apps per product. In Apple's press release, the CEO However, implementing this connection was far from straightforward. It took until
October 2015 before Hue users could actually benefit from the HomeKit integration:
Philips lighting had to develop and release new hardware with an Apple certified chip.
In addition to buying and installing this new Hue bridge, users had to update their Hue app to enable Siri functionality. The HomeKit integration also involved launching a new API, which allowed third-party developers to use the HomeKit rather than the Hue API. This new API enabled third-party developers to use a single interface to address all HomeKit certified products on the market. Table 3 -2),
Philips had to adjust their open API to enable remote access-a feature that until then was only available for the official Hue app. In close collaboration, development teams of Philips and IFTTT coordinated the complex changes that were necessary, such that integrity of both platforms was maintained and breakdowns would be prevented.
Embedding in other platforms creates value for users as it provides them with an increased variety of choice to combine their Hue lights with other home and IoT applications. Platform owners may benefit from tapping into additional user bases of these broader platforms. The publicity that followed Philips Hue's announcement to integrate with these platforms underscores the potential value of associating with other platforms. Furthermore, the quality of integration is under the direct control of platform owners. However, the HomeKit example also showed the high coordination costs that may be required for such an integration. Because these integrations involve a collaborative effort of the platform owners, new hard and software had to be introduced to realize the connection between Hue and HomeKit. In particular the requirement of hardware changes complicated the integration as these require more time to develop and incur additional costs for users who have to purchase new hardware. Furthermore, through embedding, a focal platform risks becoming (partially) enveloped, i.e. that the functionality and user base gets absorbed by the broader platform.
To manage the challenges and opportunities of embedding, the Hue team started a partnership program to manage such integrations which became formalized in the Finally, to prevent the risk of becoming fully enveloped by a broader platform, companies like Philips Lighting need to ensure that their platform and own complements provide some standalone value that cannot be replaced by these broader platforms. Another defensive strategy used by Philips Lighting was to make sure they do not partner with a single dominant platform only; rather they integrated with both Amazon Echo as well as Google and Apple to avoid becoming overly dependent on any of these platforms.
Discussion
By investigating coordination in the development of complementary products for digital product platforms, our study extends our understanding of coupled open innovation for the development of complementary products (Gassmann & Enkel, 2004 Eaton et al., 2015) . Some scholars have hinted that platforms do not exist in a vacuum.
For example, platforms may be "nested" when they simultaneously are complements in another platform (Tiwana, 2013) or exist "on top of or embedded within other platforms" (Gawer & cusumano, 2014) . Thus, our findings suggest the importance of studying an ecology of platforms rather than a single platform ecosystem.
Because independent complementors increasingly affect what users can do with the system by making connections to external platforms, the task for platform owners to safeguard the user experience (Rowland et al., 2015) and overall system integrity gets more difficult. Therefore, platform owners should recognize that complementors are nested in multiple platform ecosystems, which requires a different approach of managing access to and control of their platform (Ghazawneh & Henfridsson, 2013) .
Complements that bridge across platforms are particularly challenging to manage because the developer relationships are at arm's length whilst the connections created may have strong strategic implications. Recall, in the Hue case, how independent complementors integrated competitors' light bulbs in the platform that could cannibalize sales of own bulbs and introduced hardware issues that affected the overall system integrity.
As a consequence of the increasing number of connections realized by complementors, our findings suggest that such interdependencies may constrain innovation opportunities for digital platform owners over time. When every update of a digital product platform can have far reaching consequences for the stability and quality of the user experience-possibly jeopardizing the integrity of the entire system-platforms become path dependent and less attractive for generating innovations. Moreover, as Philips' inability to ban competitor light bulbs from its platform illustrates, it becomes difficult to abandon connections to other digital product platforms once they have been established.
Future research is needed to investigate how open innovation activities can be used to manage the relationships with various complementors in different digitizing industries. As we focused on a consumer platform, more work is needed to understand whether the challenges and solutions we discuss are applicable for digital businessto-business platforms. Further research is also warranted to better understand the different types of complementors and to what extent they can be managed differently.
For example, while some complementors are established firms, others may be user innovators or entrepreneurs (Baldwin et al., 2006; Gassman et al., 2010) rather than single platforms to better reflect the increasingly connected nature of today's digital economy.
